Licorice root (Glycyrrhiza glabra), an herbal Chinese medicine, has shown medicinal uses in therapeutics and cancer prevention. Dibenzoylmethane (DBM; 1, 3-diphenyl-1, 3-propadinedione), a small β-diketone, has been reported to be a minor constituent of licorice and a known deregulator of the human prostate cancer cell cycle. Characterization of the phytochemical profiles of licorice root forms including commercially available DBM will advance our search in identifying novel reagents for prostate cancer therapeutics. Gas chromatography-triple quadrupole-mass spectrometric analysis was used for detecting DBM in licorice root extracts. DBM and all licorice forms exhibited a component with a retention time of 14.5 minutes. The major fragment ions detected were at m/z 77, 105, 147, 223 and 224 at the identified retention time by selected reaction monitoring/SRM. These data confirm the presence of DBM from its natural source (G. glabra), and the GC-MS/SRM method helps in the identification of this minor component in a complex biological matrix.
Herbal medicines and their derived products are widely used as therapeutic agents in many countries. Most of these derivative products are often prepared from crude plant extracts, which include a complex mixture of different phytochemical constituents. Extracts from licorice root (Glycyrrhiza glabra L.) have shown a variety of medicinal uses, including chemopreventive activity. Major constituents of G. glabra are flavonoids and pentacyclic triterpene saponins, which include licochalcone-A (LA), liquiritin, liquiritigenin, isoliquiritigenin, liquiritin apioside, glycyrrhizin, and glycyrrhizic acid [1] . Some of these have been shown to induce cell cycle arrest, apoptosis, autophagy and anticancer activity in prostate, breast and leukemia cancer cells [2] [3] [4] . Dibenzoylmethane (DBM; 1, 3-diphenyl-1, 3-propadinedione) is a small -diketone compound widely used in sunscreens as an ultraviolet blocking agent [5] and recognized as a minor constituent of licorice root [6] . Structurally related to curcumin, a natural component of turmeric spice known for its various medicinal uses, dietary DBM has been shown to inhibit cancer cell proliferation [7] [8] [9] [10] , the binding of estradiol to estrogen receptor in mice [9] and cancer progression in the transgenic adenocarcinoma of the mouse prostate (TRAMP) via the Akt signaling pathway [11] . Our laboratory was the first to report the anti-carcinogenic effects of DBM in prostate cancer cells. DBM induced pronounced changes in vitro in prostate cancer cell growth, causing an accumulation of cells in the G1 phase of the cell cycle [12] and altered key proteins, as seen by proteomics [13] . We have also shown DBM to decrease the expression and function of major prostatic proteins such as the androgen receptor and prostate specific antigen [14] . More recently, a DBM derivative, 2, 2-dimethoxydibenzoylmethane (DBM 14-26) was reported as a novel neuroprotective agent [15] [16] . As a result, there is increasing interest in the analysis, isolation and purification of DBM from its dietary sources.
This investigation aimed to define the analytical data traces of DBM using gas chromatography-mass spectrometry (GC-MS). To our knowledge, all reported "DBM" traces isolated from licorice root extracts are for DBM analogues and/or DBM derivatives from other Glycyrrhiza species, not the 1, 3-diphenyl-1, 3-propadinedione molecule from G. glabra. GC-MS was used to analyze DBM due to its boiling point (219-221°C) and expected low levels in licorice root extracts. The selected ion monitoring (SIM) mode was used to improve the detection limits by capturing target ions within the retention time window that DBM eluted from the column. For increased resolution and to employ selected reaction monitoring (SRM), GC was coupled with a triple quadrupole mass spectrometer [17] . In this work, we have utilized 1) electron ionization (EI) full scan, 2) extracted ion plots, 3) SIM, and 4) SRM for the qualitative confirmation of DBM as a minor constituent of G. glabra extracts.
Our laboratory is interested in characterizing the phytochemical profiles of G. glabra licorice root and identifying DBM (1, 3diphenyl-1, 3-propanedione) and other bioactive components showing the greatest antiproliferative activity against human prostate cancer cells. We analyzed commercially available DBM and G. glabra root bark and powder using GC-MS triple quadrupole with two different modes: GC-MS/SIM and GC-MS/SRM. We determined the fragmentation pattern of DBM from the EI full scan spectrum, and then searched for linearity of these fragment ions within the licorice root extracts. The total ion chromatogram (TIC) showed DBM eluting with a retention time (RT) between 14.5-14.55 minutes. Licorice bark and licorice powder chromatograms showed components eluting at the same retention time as DBM. The EI full scan spectrum (Figure 1 SIM scans were acquired using single quadrupole (Q1) mass spectrometry. GC-MS/SIM allowed the monitoring of DBM major fragment ions and recognition where they are prevalent in the licorice extracts ( Figure 2 ). The mass fragment fingerprint for the DBM standard was established by EI-EIC and SIM, and, therefore, we could apply the GC-MS/SRM method to analyze DBM within the licorice extracts. The SRM method allows for either a drastic reduction or elimination of matrix interferences that restrict the accuracy and detection limits of SIM methods. When the GC-MS/SRM method was used to analyze the DBM sample, first the m/z 224 precursor ion was selected in the first quadrupole (Q1) with the same selectivity as SIM. Also, during the mass filtering process in Q1, all lower m/z ions from the sample were eliminated. The selected ion was fragmented using collision dissociation energy in Q2 (collision cell). Then, the unique product ions were monitored in Q3. The combination of unique product ions and the elimination of background noise approach, described by Mezcua et al. [17] , resulted in consistently low limits of ion detection within our licorice root extract samples.
The SRM chromatogram showed DBM within a RT of 14.50-14.55 minutes ( Figure 3A-left) . The EI-SRM product ions spectrum of DBM was produced from fragmenting the parent ion at m/z 224 with a collision induced dissociation (CID) energy of 30V. Unique product ions observed at m/z 77.1, 121.1, 129.1 and 223.1 were clearly aligned, in addition to a clear representation of ions with corresponding intensity, created a unique fingerprint for the DBM precursor ion with a RT of 14.50-14.55 minutes. Licorice bark and licorice powder (C) extracts chromatograms (left) and the EI-SRM spectra (right) demonstrate the identity confirmation of DBM in licorice root extracts. Since, a distinct qualitative identification of the unique product ions at the same RT range as DBM was observed in both samples, it can be concluded that DBM is a minor constituent of the G. glabra licorice extracts.
For the first time, a simple and precise GC-MS triple quadrupole method was applied for the qualitative confirmation of DBM within G. glabra bark and powder extracts. Characterization of the phytochemical profiles of various licorice root extracts and their corresponding bioactive compounds will advance our search in identifying novel reagents for cancer therapeutics.
Experimental
Materials: G. glabra root and powder used for this study were purchased from Rainbow Natural Foods (Decatur, GA). A representative sample was used. Dibenzoylmethane (DBM) and dichloromethane (DCM) were purchased from Sigma-Aldrich Chemicals (St. Louis, MO) with ≥ 98% purity. All others chemicals and solvents used were of the highest grade.
Extraction and isolation:
Licorice powder and root were weighed (50 g) and extracted overnight in 250 mL DCM. Licorice extracts were vacuum filtered and supernatants were divided into 30 mL aliquots, and then dried under a nitrogen stream. Dried extracts were pooled by adding 2 mL of DCM, and double filtered to remove particles. Licorice crude extract supernatants were placed into individual vials for GC-MS analysis. Commercially available DBM was weighed, dissolved in DCM, diluted to 13 ppm and used as a standard for GC-MS analysis.
Gas chromatography-mass spectrometry conditions:
The analysis was performed using an Agilent Technologies 7000 GC/QQQ Series system (Agilent, Santa Clara, CA) equipped with electronic flow control (EFC), a 1079 universal capillary injector, front SS Inlet He -pulsed splitless, and a CP-7693 auto sampler. Separation was achieved on a HP-5MS 5% Phenyl Methyl Silox: Agilent 19091S-433 (30 m x 250 m x 0.25 m-film thickness) column. The carrier gas was helium at a flow rate of 1.25 mL/min. The column was held at 50°C for 4 min, then at 20°C/min from 50°C to 300°C and held at 300°C for 3 min. DCM standard, DBM and sample extracts (1L) were injected and analyzed using the electron ionization (EI) mode with an ionizing energy of 70 eV. The MS ion transfer line temperature was 250°C and nitrogen was used as the GC-MS identification of dibenzoylmethane Natural Product Communications Vol. 9 (1) 2014 93 collision gas at a flow rate of 1.50 mL/min and the collision induced dissociation energy (CID) was 30V. The data were acquired and processed using Agilent Mass Hunter software.
